Abstract. Based on the SBM model of undesirable output, the Chinese provincial carbon dioxide emission efficiency in 2007 and 2012 was measured. The global spatial autocorrelation moran's I index, local spatial autocorrelation moran's I index and local spatial correlation index were used to analyze the spatial distribution characteristics and evolution pattern of carbon dioxide emission efficiency. The results show that: The energy efficiency index of China's provinces is above moderate level, and the provinces with high carbon efficiency are Beijing, Tianjin, Jiangsu and Fujian. The middle efficient provinces are Shanxi, Anhui, Hunan, Hubei and other middle reaches of the Yangtze River region, the efficiency of the northwest region is generally low; the carbon emission efficiency of China shows a significant accumulation of HH and LL on the inter-provincial scale. The high agglomeration areas are mainly distributed in the eastern and southern provinces, and the low and low agglomeration areas are mainly distributed in the northwest and middle reaches of the Yellow River; The trend of increasing the efficiency of local spatial correlation and the evolution of global spatial pattern correspond to each other, specifically for the high concentration of hot spots and low concentration of cold spots were gathered in the east and northwest regions, thus the initial formation of the East China region as the center and the northwest provinces as the center of the outward diffusion of the spatial structure.
Introduction
Climate change and energy consumption are today's most complex and sensitive global issues and one of the great challenges facing human social development. As the world today has embarked on a path of new economic growth driven by rapid economic growth in developing countries [1] , China as the largest developing country, the world's second largest energy consumer, bear this considerable carbon emissions pressure and responsibility. With the rise of national economy, energy consumption, population growth, economic aggregate, consumption level and other factors inevitably lead to the increase in carbon emissions, so concerned about the efficiency of carbon emissions inevitably become an important means of China to solve energy conflicts [2] .
Geographically, the research of carbon efficiency in a country requires not only need to be assessed from the overall level, but also from the spatial and temporal changes to grasp in the regional pattern, so that when the national energy-saving emission reduction targets and related policies will be developed when more specific targeted and more operable.
Research on carbon emission efficiency, a large number of academics have been based on the output perspective [3] , which on energy efficiency indicator construction, model selection, time series variation and spatial distribution of research unit with provincial level, as research unit mainly GDP as the expected output target, while ignoring the CO2 emissions as a related research of the undesired output [4] . Therefore, this paper will expect output GDP and undesirable output of CO2 total emissions together with analysis of energy efficiency as output indicators, based on the undesirable output SBM model of data envelopment analysis (DEA), the carbon emission efficiency of 30 provinces and cities in China was measured, on the basis of this evaluation efficiency, to further explore the spatial and temporal evolution of energy efficiency features [5] .
Indicator Construction and Data Sources
Traditional DEA model for the efficiency of the basic idea is to minimize the input at the same time as much as possible to expand the output, but for the energy consumption process is undesired to produce carbon emissions of this output, in order to achieve emission reduction targets and improve energy efficiency, this negative effect must be reduced as much as possible. Therefore, this paper chooses the car ownership which is closely related to the carbon emission as the traffic input; the annual energy consumption of the provinces as energy input; the total number of the end of the year as the labor force investment; the total investment in fixed assets as capital investment. The provincial GDP as the expected output on behalf of economic benefit, while the total amount of CO2 emissions as a byproduct of undesirable outputs representative of economic benefits [6] . 
In this formula: EC ୧ is i total energy consumption (10,000 tons of standard coal); ef ୧ is the carbon content in fuel i; Values 44 and 12 are the molar amounts of CO ଶ and C, respectively.
SBM Model
Therefore, in this paper, we propose and develop the SBM model based on the relaxation measure by Tone, which belongs to the non-radial and non-angular measurement methods in the DEA model. This method adds the slack variable of the input factor into the objective function, which compared with the traditional DEA model, it not only includes the expected output and the undesired output, but also the input and output deviation of the results produced by the relaxation of the results considered, which can be more effective Evaluate the efficiency problem under undesired output. The model is Eq. 2:
In this formula: ρ represents the efficiency value; N, M, I represent the number of inputs, expected outputs and undesired outputs, ୠ strict monotonically decreasing, 0 < ρ ≤ 1; for every ρ = 1, the decision unit is located on the frontier of efficiency; for every ρ < 1, there is a loss of efficiency in the decision unit.
Global Moran's I
Global spatial autocorrelation measure the overall degree of correlation, spatial distribution pattern and significance of all spatial objects in the research area. The model is Eq. 3:
In this formula: x ୧ is the observed value of region i; n is the number of
. The spatial weight matrix w ୧୨ is a binary adjacency matrix. Eq. 4 is the Z test statistic, E(I) is expected, Var(I) is the variance.
In this formula: if I is significantly positive, indicating that there is a positive spatial correlation, the area with higher carbon efficiency (low) is spatially aggregated.
Local Moran's I
Global spatial autocorrelation assumes homogeneity, which cannot reflect the area and agglomeration of the agglomeration, and therefore requires local spatial autocorrelation analysis. Local spatial autocorrelation can reflect the similarity or correlation between the research units and their adjacent spatial units attribute eigenvalues, identify spatial agglomeration and spatial isolation, and detect spatial heterogeneity. The local Moran's I index is Eq. 5:
In this formula: I ୧ is the local Moran's I index for region i; z ୧ is the energy eco-efficiency value of region i after Z normalization; w ୧୨ is the spatial weight matrix. The local Moran's I exponent is positive (negative) that the similarity (different) type attribute value is adjacent to the element, The greater the absolute value, the higher the degree of proximity.
Getis-Ord General G
Spatial correlation G index (Getis-Ord ‫ܩ‬ * ) can significantly highlight whether the Moran index is a high-value aggregation or a low-value aggregation in the spatial region, which is hot spots and cold spots in the spatial distribution. Spatial correlation G index is Eq. 6:
In this formula: d is the distance, w ୧୨ (d) is the distance between i and j. To carry out standardized processing G ୧ * (d) is Eq. 7:
In this formula: E(‫ܩ‬ * ) and ‫ܩ(ݎܸܽ‬ * ) are the mathematical expectations and the variance of G ୧ * . If Z(G ୧ * ) is positive and significant, it shows that the value around position i is higher than the mean, is a high value space agglomeration (hotspot zone). On the other hand, if Z(‫ܩ‬ * ) is negative, and significant, it indicates that the value around position i is below the mean and is a low-value space agglomeration (cold pot zone).
Spatio-Temporal Pattern Changes of Chinese Provincial Carbon Dioxide Emission Efficiency

Overall distribution characteristics
Based on the input-output factors, the SBM model was used to measure the carbon efficiency in 2007 and 2012 respectively. The results show that the carbon emission efficiency index of the provinces in China is above the middle level, and the average carbon emission values are 0.72 and 0.73, it can be seen, the Chinese provinces of carbon dioxide emissions into many elements, non-expected high output efficiency of the state, there is a large pressure to reduce emissions. Figure 1 . Chinese provincial carbon dioxide emission efficiency overall distribution.
Spatial correlation analysis
Global spatial correlation is the distribution pattern of carbon emission efficiency values. The global Moran's I index values in 2007 and 2012 are 0.27 and 0,19 respectively, which are tested at a significant level of 5%, indicating that China's regional carbon emission efficiency, which has a positive spatial correlation, and the energy efficiency of China has a significant overall agglomeration characteristic. Figure 3 . Chinese provincial carbon dioxide emission efficiency local spatial agglomeration.
Getis-Ord General G
The local spatial agglomeration effect of carbon emission efficiency is investigated by the local spatial correlation index Getis-Ord G. The local G statistics of the tourism carbon efficiency in each province are divided into four types: high value agglomeration hot spot area, low value agglomeration cold spot area, secondary high value gathering hot spot area and low value concentration cold spot area.
Conclusion and Discussion
The overall distribution pattern of carbon efficiency in China's provinces is small and the high efficiency values are in the provinces of east China and the southeastern coastal provinces, while the low efficiency values are concentrated in the northwestern provinces. The local pattern of the growth of the type of smooth and mutant, to the eastern part of the Yangtze River in central and downstream areas of carbon emissions efficiency was significantly higher than other regions, emission reduction needs and greater pressure; central and western provinces due to remote geographical location and development factors, carbon emissions efficiency is low, less pressure to reduce emissions.
China's carbon efficiency is interdisciplinary and its spatial clustering is mainly distributed in the middle reaches of the northwest and the middle reaches of the Yellow River, and the energy eco-efficiency is mainly distributed in the southeastern coastal provinces. The change pattern of the agglomeration pattern is mainly the change of the high and low agglomeration area and the low agglomeration area, and the distribution pattern of the high agglomeration area and the low and low gathering area is basically stable.
It is of theoretical and practical significance to study the spatial and temporal evolution of carbon efficiency in China's provinces and to explore the relationship between energy consumption and economic development and carbon emission reduction. China's carbon emissions efficiency is a multi-factor accumulation of the results, is the focus of economic and social development. China's energy consumption structure to coal as the main body, the power will be the center will exist for a long time, while the Chinese government promised 2020 unit GDP carbon dioxide emissions in 2005 fell 40% to 45%, therefore, concerned about carbon emissions efficiency, the use of efficiency to achieve emission reduction targets in China is of great significance. Not only the need for technological progress, industrial restructuring, rational allocation of resources and the development of relevant policies, but also the community's attention and efforts.
Based on the limitation of data and method, this paper analyzes only the temporal and spatial distribution pattern of carbon efficiency in China's provinces, and does not adequately explain the trend and influencing factors of temporal and spatial evolution due to the shorter and discontinuous years. Therefore, the next step in long term learning is to start panel data on time evolution and internal impact mechanisms and spatial efficiency analysis of China's carbon emissions.
